Growth is one of the most important aspects in the genetic improvement of cultured fish species. Consequently, genetic parameters related to this feature and their response to selection have been the focus of most research in this area. Such research indicates that, in general, there is enough additive genetic variance related to growth, justifying the use of selection. Based on the usefulness of cytogenetic and molecular markers in the fish culture, the aim of the present work was to analyze the possible relationships among cytogenetic characteristics, specifically the NOR phenotypes, and the increase in length and weight in specimens of the rainbow trout (Oncorhynchus mykiss), resultant from directed mating between homozygous females and heterozygous males according to their NOR phenotypic patterns. The equations of the relationship between length and weight of the analyzed specimens followed the model Wt = a Lt 
Introduction
The nucleolar organizer regions (NORs) are the chromosome segments where the 18S, 5.8S and 28S ribosomal genes are found. The transcription of these genes has been detected by staining the chromosomes with silver nitrate (Miller et al., 1976; Howell and Black, 1980) . The silver nitrate staining reveals only active NORs, since it stains a set of acidic proteins related to the process of ribosomal production and not the ribosomal DNA (Miller et al., 1976 ).
An important aspect observed in the studies of NORs in fishes is that the number and location of NORs can be species specific or even population spe-cific for several groups (Venere and Galetti Jr., 1989; Moreira-Filho and Bertollo, 1991; Maistro et al., 1998) . This feature has been successfully used for the establishment of relationship hypothesis among some fish groups (Amemiya and Gold, 1988; Martinez et al., 1993) . Examples of the variability of the NORs patterns in fishes have been frequently reported, regarding the number (Miyazawa and Galetti Jr., 1994) , location (Gold et al., 1990; Feldberg et al., 1992) and size (Foresti et al., 1981; Moreira-Filho et al., 1984; Martínez et al., 1991) .
Studies carried out in the rainbow trout (Oncorhynchus mykiss) indicated that the NORs are located at a subterminal position on the short arms of a submetacentric pair of chromosomes (Schmid et al., 1982; Phillips and Ihssen, 1985; Mayr et al., 1986; Ueda and Kobayashi, 1988; Lloyd and Thorgaard, 1988) . However, analyses performed on specimens from a reared stock at the Estação Experimental de Salmonicultura (EES) in Campos do Jordão in the state of São Paulo, showed that the nucleolar organizer regions were located at subterminal position on the long arms of a submetacentric chromosomal pair. Moreover, amongst the 19 specimens analyzed, 13 showed two chromosomes of similar size displaying two different NOR phenotypes: one with a single NOR (condition N1) and another with two consecutive NORs (condition N2) stained by silver nitrate (Oliveira et al., 1996) .
After the analysis of 88 specimens of rainbow trout from the EES stock of Campos do Jordão, Porto-Foresti et al. (2004) confirmed the location of NORs on the long arms of a submetacentric pair of chromosomes, as described before by Oliveira et al. (1996) . In the same work, the preliminary observations of Oliveira et al. (1996) were also confirmed, i.e., the presence of both NOR phenotypes (condition N1 and condition N2). The data also confirmed that the differences in the NOR positions were due to the occurrence of a pericentric inversion on the NOR-bearing chromosomes pair and not to the condensation of the chromosomes. Specimens displaying the phenotype pattern N1N1 and N1N2 ( Figure 1) were identified, but individuals with the N2N2 phenotype were not found among the individuals analyzed in that stock, suggesting that the homozygous condition for double NORs might be lethal.
Growth is one of the most important features considered for genetic improvement purposes of cultured fish species (Gjedrem, 1997; Gjerde, 1986) . Consequently, the genetic parameters related to this feature and their response to selection constitute the focus of most research in this area. Such research indicates that, in general, there is enough additive genetic variance related to growth, justifying the use of selection in fishes (Hershberger et al., 1992) .
Taking into account that cytogenetical markers can be useful in fish culture, the present work aimed to analyze the possible relationships among cytogenetic characteristics regarding to NOR phenotypic patterns and growth (length and weight) in specimens obtained after managed mating in a rainbow trout stock reared at Campos do Jordão (São Paulo state, Brazil), to provide guidelines for a better zootechnical management of this species.
Materials and Methods

Experimental set
Six females and six males at reproductive stage were selected from two year-old individuals of rainbow trout broodstock reared at Campos do Jordão (SP, Brazil). The collection of gametes was performed by abdominal pressure of males and females after anesthesia in benzocaine solution (100 mg.L -1
) and the NOR phenotype of these animals was analyzed. The gametes collected from each animal were divided into six fractions and mating was conducted assuring that the parental line would represent crossings involving each male with all the females (6 x 6 squedule), resulting in 36 samples. Only mating between homozygous (N1N1) and heterozygous (N1N2) individuals were considered, in order to obtain an offspring composed of 1:1 homozygous and heterozygous individuals.
Such procedure was repeated twice, and the samples obtained from two homozygous (N1N1) females (female J and female N) were selected, resulting in two offspring sets, identified as A (fertilized with semen of 4 heterozygous males) and B (fertilized by 4 heterozygous males), both maintained at the same culture conditions. Eight months after fertilization, 60 animals were randomly sampled and identified with magnetic tags and maintained in separate sets for growth analysis. Biometric analysis (Wt = total weight in grammas and Lt = total length in cm) was carried out in all specimens every three months, during a period of 20 months, to evaluate possible growth difference rates among individuals bearing different NOR phenotypes. The biomass weight was calculated monthly to ensure adequate food supply. The feeding rate varied from 2.5 to 1% of biomass/day, decreasing according to the increase of animal weight.
Cytogenetic analysis
Inv. Chromosome preparations were performed from kidney cells after stimulation for mitotic activity (Lozano et al., 1988) , at the end of the biometric studies, using in vitro short treatment with colchicines (Foresti et al., 1993) . Fifty-six specimens were analyzed, 40 from set A and 16 of set B. The nucleolar organizer regions (NORs) were identified according to the method described by Howell and Black (1980) .
Growth analysis
The Student's t-test was applied to evaluate possible significant growth differences among the animals bearing distinct NOR phenotypes, considering the growth curves for weight and length in relation to age in days, as well as the curves obtained by the relationship between total length (Lt) and total weight (Wt), in heterozygous and homozygous individuals from each set separately and from grouped sets. The empirical values of total growth and total length were plotted onto a dispersion graph, adopting the adjusted mathematic expression, following the model Wt = a Lt b , where a is the condition feature and b represents growth fish performance. The determination coefficient (R 2 ) of data converted to logarithms (ln) (Santos, 1978) was also obtained.
Results and Discussion
Cytogenetical analysis
The cytogenetical data showed 24 specimens bearing the homozygous NOR phenotype (N1N1) and 32 specimens bearing the heterozygous NOR phenotype (N1N2) (Figure 1 ). The lack of individuals bearing the homozygous N2N2 NOR phenotype was confirmed, as previously described by Oliveira et al. (1996) and also in the offspring obtained in N1N2XN1N2 crosses (PortoForesti et al., 2004) .
Growth analysis
The growth data were based on weight and length values obtained from individuals of eight samplings from the sets A and B, separated according to N1N1 and N1N2 NOR phenotypes, as shown in Tables 1 and 2. The Student's t-test applied to analyze the length (Lt) and weight (Wt) curves in relation to age in days, as well as the Wt x Lt curves in individuals from the sets A and B, characterized as homozygous and heterozygous, respectively, did not reveal significant differences between both phenotypes, as showed in Table 3 .
The growth data were analyzed separately for each phenotypic pattern, providing mean and standard-deviation values for length and weight (Table 4) . These data were plotted for the establishment of the correlation among NOR phenotypes and values of length and weight from the individuals (Figures 2a and 2b) . The specimens lacking biometric information were discarded in the analysis.
The relationships between total weight and total length for the homozygous and heterozygous individuals, are represented in Figure 3 . The t-test was not performed over a values because the regression constants were found to be similar.
Concerning (Weatherley and Gill, 1987; King 1995) . Furthermore, these values revealed that the specimens presented a positive allometric growth, since b value was higher than 3, indicating that the weight was increased at a rate higher than that necessary to keep a constant body proportion. The condition factor was similar in both analyzed sets, suggesting that individual identification by magnetic tags worked as an efficient marking tool in this species, allowing to stock different lines of individuals in the same tank, represented by different NOR phenotypes, and eliminating possible differences due to environment or management processes.
Date of biometry
Our growth data based on weight and length values showed some apparent relationship with N1N1 or N2N2 NOR phenotypes. It can be stated that the absence of N2N2 NOR phenotype in this specific stock of rainbow trout, probably due to a lethal effect of the double inverted NOR (Porto-Foresti et al., 2004) , is the only situation already described about possible effects of the inversion. Besides, the occurrence of the inversion in a heterozygous condition seems to have no effect in the viability or in the development of individuals. A small deviation favoring the heterozygous condition observed in crosses involving N1N2 x N1N2 NOR phenotypes (Porto-Foresti et al., 2004 ) is still to be investigated.
Since the characteristics related to growth constitute an important feature for the genetic improvement of cultured aquatic species (Gjedrem, 1997; Gjerde, 1986) , the present results demonstrate that the occurrence of a paracentric inversion involving a NOR-bearing chromosomal segment, with the consequent origin of distinct NOR phenotypes, does not seem to present any interference in the growth performance of rainbow trout. The only effect caused by this rearrangement would be the inviability of individuals bearing the N2N2 phenotype, as previously demonstrated by Porto-Foresti et al. (2004) .
